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The  workshop  was  a two-day  meeting  sponsored  by  the  Space  Environments  and 
Effects  (SEE)  Program.  The  SEE  program  is  a major  activity  under  the  Advanced 
Technology  and  Missions  Studies  Division  of  the  NASA  Office  of  Space  Science.  The 
objective  of  the  workshop  is  to  provide  a forum  for  exchanging  new  developments  in 
spacecraft  contamination  and  coatings. 

The  workshop  was  attended  by  representatives  from  NASA,  JPL,  DoD,  industry,  and 
universities  concerned  with  the  spacecraft  contamination  engineering  and  thermal  control 
coatings.  Approximately  130  people  attended  the  Workshop  and  participated  in  technical 
sessions  and  round  table  discussion. 

The  workshop  was  organized  by  Drs.  Philip  Chen  and  Steve  Benner  of  the  Thermal 
Engineering  Branch  at  the  Goddard  Space  Flight  Center  (GSFC).  Four  technical  sessions 
were  chaired  by  Ms.  Eve  Wooldridge,  Ms.  Sharon  Straka,  Mr.  Randy  Hedgeland,  and  Mr. 

Lon  Kauder  of  GSFC.  Administrative  and  logistics  support  was  provided  by  Ms.  Jessica  Katz 
of  GSFC  and  Ms.  Sharland  Norris  of  Jorge  Scientific  Corporation. 

Single  copies  of  this  document  can  be  obtained  by  writing  to 

Philip  Chen 

NASA/GSFC 

Code  724 

Greenbelt,  Maryland  -2077 1 

philip.chen@gsfc.nasa.gov 
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NEW  ROLE  OF  TECHNOLOGY  DEVELOPMENT 

(Chief  Technologist,  1/97) 
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♦ NASA:  >3  years;  Industry:  1-3  years 

Office  of  the  Chief  Technologist  Established  to  Provide  Integrated 
“Corporate”  Leadership 


New  Vision  for  Implementing 
Space  Science  Missions 
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SEE  WORKSHOP,  1997 
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NASA  Technology  is  Widely  Distributed 

Among  Enterprises 
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SEE  WORKSHOP,  1997 


Context  for  the  NASA 
Crosscutting  Technology  Program 
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Strategy  for 

Concurrent  & Distributed 
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One  JPT  for  Each  Technology  Element  (e.g.  Telerobotics,  Communications, 
Autonomy,  S/C  Systems,  Instruments/Sensors) 

Match  Mission  Requirements  and  Technology  Assets 
• i.e.,  Organize  Execution  of  Mission  Studies;  Assure  Availability  of 
Enabling  Technology  see  workshop,  1997 


Core  Technology  is  Managed  Through  a 
CROSS-ENTERPRISE  PROCESS 


16 


SEE  WORKSHOP,  1997 


Technology  Management  in  the  NEW  NASA 

CONCLUSIONS 
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Requirements  Upon  Which  Our  Program  Is  Built 

Detailed,  Mission-Connected  Technology  Roadmaps  Are  Being  Developed 
By  Each  Enterprise  and  Integrated  to  Form  An  Agency-Wide  Plan  to  be 
Completed  Later  This  Year 

SEE  WORKSHOP,  1997 
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Sponsored  by:  NASA’s  Advanced  Technology  and  Mission  Studies  Division 
Coordinated  by:  NASA’s  Marshall  Space  Flight  Center 


SEE  Program  Disciplines 
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• Studies,  models,  and  counteracts  the  effects  of  induced  molecular  or  particulate 
matter  in  the  vicinity  of  spacecraft  or  on  spacecraft  surfaces 

MATERIALS  AND  PROCESSES 

• Seeks  to  predict  materials’  behavior  in  space  and  to  develop  longer-life 
materials  for  use  with  orbiting  spacecraft  and  spacecraft  systems 


SEE  Program  Mission 
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SEE  Program  Goals  and  Strategies 
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SEE  Program  Philosophy 
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-Flight  opportunities* 
-National  test  facilities* 


Components  of  SEE  Program 
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Design  and  Operations  Programs:  Implement  accurate  Key: 
environment  effects  accommodations  into  spacecraft  H| 
design  and  operations  (NASA,  DoD,  Commercial)  SEpl 


Integrators:  Customer  Mission  Areas 
Providers:  Technology  Development  Programs 


Integrators 

Customer  Mission  Areas 


SEE  Program  Organization 
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SEE  Oversight  and  Management 


28 


6/30/97  - slide  9 


SEE  Coordination  Activities 
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Environments  Models,  Databases  and  Assessment  Tools  Coordination 

• Coordination  of  efficient  utilization  of  environments  models,  databases  and 
assessment  tools 

• Dissemination  and  distribution  of  ISS  environments  and  SEE  experiments  data 


SEE  User  Steering  Committee 
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SEE  Technical  Working  Groups 
“General  Functions” 


31 


130197  - slide  12 


SEE  Program  Technical  Working 
Groups  - Specific  Functions  (cont’d) 
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Manuel  Uy  Johns  Hopkins  University /APL 

Bob  W ood  Sverdrup  T echnology , Inc 

James  Zwiener  NASA/MSFC 


SEE  Technology  Development  Activities 

Current  Status 
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SEE  Technology  Development  Activities 
Neutral  External  Contamination  Working  Group 
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Objective:  The  development  of  computer  models  to  predict  spacecraft 
glow  in  the  far  ultraviolet  to  infrared  spectral  regions  (0.14  to  40 
micron  wavelengths). 


SEE  Technology  Development  Activities 
Neutral  External  Contamination  Working  Group 
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optical  scattering,  and  to  determine  the  UV  intensity  needed  to  initiate  the 
photopolymerization  process.  To  compare  the  laboratory  results  with 
predictions  from  models  based  on  Mie  scattering  theory.  To  make  the  data 
available  for  incorporation  into  standard  optical  design  software. 
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Space  Environments  & Effects 
Neutral  External  Contamination 


40 


locity  Debris  Generated 


Space  Environments  & Effects 
Neutral  External  Contamination 
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Deep  Space  Experiments  to  Investigate 
Inflatable  Materials  as  Contamination 
Sources 


SEE  Advocated  Flight  Experiments 

Current  Status 


42 


Passive  Optical  Sample  Assembly  1 (POSA  1):  Deployed  STS-76; 
Retrieved  STS-86 

Passive  Optical  Sample  Assembly  2 (POSA  2):  Deployed  STS-76; 
Retrieved  STS-86 


Optical  Properties  Monitor  (OPM) 


Space  Portable  Spectro-Reflectometer 


•reusable  flight  instrument 
•joint  U.STRussian  Experiment 

Provide  data  to  validate  ground  test  facilities  and  prediction  models  for  materials 
behavior  in  space 


SEE  Databases  and  Models  Technology  Information  Flow 
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Annapolis,  Maryland 
July  9,  1997 


Contamination  Engineering  Outlook 
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Development  of  Spacecraft  Contamination  Engineering 
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Development  of  Spacecraft  Contamination  Engineering  (continued) 
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Significant  Advancements  in  1980-90 
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Missions  and  Flight  Experiments 
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during  ascent  phase . 

LDEF  (launch  in  1984  and  retrieved  in  1990)  for  an  extensive  long- 
term AO/materials/contamination  study. 
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have  been  developed 


More  involvement  with  international  partners,  ESA,  Japan,  Russia,  South 
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Particulate  Contamination  Measurement 
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Analytical  Modeling 
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Research/New  Technologies  (continued) 
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Research/New  Technologies  (continued) 
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OPM  Re-flight  on  MIR 


Research/New  Technologies  (continued) 
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Hypervelocity  Debris  Generated  Contamination 
Evaluation  of  Inflatable  Materials  as  Contamination  Sources 
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Cost  driving  and  mission  specific 
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Outline 
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Magnesium  Fluoride  Protected 
Aluminum  (Al+MgF2) 
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Reflectance  of  Various  UV  Coatings 


Importance  of  CVD  SiC  as  an 
Extreme  Ultraviolet  Optical  Material 
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Normal  Incidence  Reflectance  of 

CVD-SiC 
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HST  WF/PC-1  Returned  Hardware 
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nm  to  650  nm  wavelength  range. 


UV  Reflectance  at  Normal  Incidence 
Flight  and  Spare  Pickoff  Mirrors 
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HST  WF/PC-1  Returned 
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WF/PC- 1 Pickoff  Mirror  Reflectance  Restoration 

Normal  Incidence 
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- expected  full  aperture  efficiency  >44%  at  123.6  nm 
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Laboratory  Investigations 
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coating  types  and  contaminant  materials. 
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Evaluation  of  Cleaning  Procedures  for 

COSTAR  Mirrors 
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SESAM  Experiment 
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Optical  Properties  Monitor  (OPM) 
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Figure  38. 

Atomic  oxygen  fluences  at  end  of  mission  for  each  tray  location. 
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Figure  9.  Typical  diffuse  reflectance  curves  for  AO  cleaning  of  RM400. 
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REFERENCE  STANDARDS  USED  FOR  Si  CHARACTERIZATION 
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SINGLE  BROAD  PEAK  IN  THE  -99-105  ev  RANGE  IS  CURVE  FIT  TO  TWO  PEAKS 


Date:  10/24/1994  Spot:  300  u Flood  Gun:  o.o  aV  Aperture 

Dlac:  ggggg » of  Scans:  10  Resolution:  2 


Figure  G-28.  Carbon  Is  spectrum  for  bolt  Fl-6b,  position  2. 
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Results  of  high  resolution  ESCA  measurements 
heads  from  LDEF. 


on  selected  stainless  steel  bolt 
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MDA  CONTAMINATION  RELATED  ACTIVITIES 
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COMPARISON  OF  SILICONE  AND  TEFLON 
CONTAMINATION  DEGRADATION  RATES 


1 1 j ' ' 1 1 | ' 'j | > j « • »■ 


O 
O 

my~~l  o 
in 


LU 


(/) 

HI 


□ 


c 

CO 


o £ 

O (0 
o ■£ 

W S 


O 


o 

o 

o 


u « i. 


-Li  .. 


in 

co 

* 

o 


CO 

■ 

o 


in 

CM 


• ■ ■ 1 

CM 

■ 

O 


i — L i i i i_j  o 

in 

I*  o 


0) 

o 

CD 

o. 

W C 

o g 
o 1 
<! 
CO  I 


_<u  3 

o 

O). 

o 

3 1 

o 

O i 

°< 

Q | 

A 

X 

CO 

a>  . 

CO 

C o 

a> 

c g 

c 

o < 

3000 

o 

mmtm 

i- 

Q 

o 

2 

p> 

3 


eouejdjosqv  JB|os 


210 


OPTICAL  PROPERTIES  OF  VARIOUS 
FLUOROPOLYMER  COATINGS  ON  Z-93 


co 


211 


McDonnell  Douglas  Aerospace 

Astro  • Honeywell  • Lockheed  Martin 


CONTAMINATION  RESISTANCE  OF  Z-93 
WITHOUT  A TOP  COATING 


00 


213 


CO 

DC 

LU 

Z 

Hi 

CO 

< 

LL 

Q 

LU 

I- 

< 

Q. 


Q 

< 

O 

Q 

Z 

< 

DC 

IU 


co 


■o 

to 

<0 

o 

o 

CO 


TJ 

0) 

TO 

a 

TO 

> 


CO  = 

<y> 


5 o ® £ 
> JJ  TO  t! 

«©  **-  o 

S TO  TO  C 
-H  C « " 
T3  fl)  TO  0 

X W TO 
° TO  J-  £: 

Sole 

§£  « g. 
S o ° ■*- 

o o o 
C c o c 

* i io  S 

CO  o CM  TO 
g C t-  O 

o 

O o -Q  O 
< c < < 


co 

TO  CO 

I s 

CO  *- 
TO  C 

LSI 

3 « -o 

5 g 1 

? a E 


O) 


TO 

Q. 

_TO 

3 

*o 

TO 


S2 


CO 

TO 


O TO 


o -x  t: 


2 -a  2 


eo  ||E 


t 8 ^ 

N ■S 

c 2 w 
*3  X TO 
TO  O £ 
O a,  *- 

— 9 o 


TO 

O 

o 

c 

o 

» 


T3 

TO 

O 

TO 


O 

o 

TO 


? 3 - O 

-=  CO  -D  - 
O TO 

X o 
O £ 

tt.  < S £ 
sill 

.2  i o O 

£ -I 

■o  -J  i i 
TO 

o • 


co 

CO 
TO 

o .2 

TO  TO 

> CO 

.£  o 

0 T3 

3 J 

£ S 

2 ? 
3 CO 
CO  I 

1 2 

.2  o 

1 = 
TO  O 
O </) 


o> 


0) 

o 

CO 
Q. 
CO  .£ 

si 

< | 

CO  I 
m p 


CO 

3 

c 

O 

— 1 

D)  • 

O 

TO 

CO 

§1 

Q TO 

3 

■E 

C 

■ M 

TO 

O 

TO 

_ o 

O • 
C 

c 

c 

CO 

o 

3 

TO 

■■  o 

f t 

o 

TO 

* TO 

o < 

Q 

o 

TO 

— J 

O 

c 

i 

CL 

2 

c 

I 


□ 


□ 


214 


DISCUSSION  TOPICS 


MDA  THERMAL  CONTROL  ACTIVITIES 
FOR  THE  INTERNATIONAL  SPACE  STATION 
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IITRI  TORSION  TEST  RESULTS  ON 
SPECIMENS  PREPARED  BY  LVS,  MDA  & IITRI 


221 


TAILORED  OPTICAL  PROPERTIES 
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CONTROLLED  LOW  EMITTANCES 
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COATING  WEIGHT  OF 
CONVERSION  COATINGS 
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McDonnell  Douglas  Aerospace 
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Summary  of  MDA  Supporting  Documentation 
for  the  Topics  Discussed 


Outclassing  Rate  Data  . . . _ , . . . . 

1 Fussell  J V and  Warnes,  N„  Contamination  Deposited  on  PG-1  Critical  Surfaces  from  Node-1 
Sources,  MDC  Report  97H0520,  April  1997  (Available  from  Boeing  at  Houston) 

2 Haseaawa  M M Fussell,  J.  V.  and  Babel,  H.  W.,  Contamination  Deposited  on  PG-1  Critical 
SurfacesVom  PMA-1  Sources,  MDC  Report  97H0340,  March  1997  (Available  from  Boeing  at 

Houston) 

3 Fussell  J V Hasegawa,  M.  M„  and  Babel,  H.  W„  Contamination  Analysis  of  the  Vacuum 
Baked  Ku-Band  Antenna  Group,  MDC  Report  96H0424,  June  1996  (Available  from  Boeing  at 

Houston) 

4.  Fussell,  J.  V.  and  Babel,  H.  W„  Contamination  analysis  of  the  Silicone  Cable  Pigtails,  MDC 
Report  95H0469,  April  1996  (Available  from  Boeing  at  Houston) 

5.  Hakes,  C„  Garrett,  J.,  Ehlers,  H.  and  Albyn,  K„  Measurements  of  Condensable  Outgassing 
Rates  of  External  Materials  on  the  International  Space  Station.  AIAA  Paper  AIAA-96-0628, 

34th  Aerospace  Sciences  Meeting,  Reno,  NV,  Jan  15-18,  1996 


OEM 

6.  Hasegawa,  M.  M„  MDA  Memorandum  descnbing  sample  preparation 

7.  Edwards,  D.  L„  MDA/OPM  Pre-Contaminated  Z-93P  Contamination  Migration  Investigation, 
NASA  MSFC  Report,  26  August  1996 

8.  Edwards,  D.  L.,  Long  Term  Ultraviolet  and  Vacuum  Ultraviolet  Exposure  of  McDonnell 
Douglas  Aerospace  Pre-Contaminated  Z-93P,  19  February  1997 


Fluorocarbon  Coating  of  Z-93 

9.  Daneman,  S.A.,  and  Babel,  H.W.  ’Advanced  (Improved)  Thermal  Control  Coatings  for  Use 

in  low  Earth  Orbit  Applications,"  presented  at  the  24th  International  Conference  on 
Environmental  Systems  & 5th  European  Symposium  on  Space  and  Environmental  Control 
Systems,  Friedrichshafen,  Germany,  20-23  June  1994. 

Controlled  Silver  and  Cadmium  Plated  Fasteners 
No  published  documentation 

Sulfuric  Acid  Anodizing  to  Provide  Controlled  Optical  Properties 

10.  Jones,  C.A.,  David,  K.E.,  LeVesque,  II  R.J.,  and  Babel,  H.W.,  ‘Modification  of ^Cc .mmercial 

Sulfuric  Acid  Anodize  Process  for  Control  of  Thermal  Properties  4.5th 

International  Astronautical  Congress  of  the  IAF,  Jerusalem,  Israel,  9-14  October  1994 

1 1 David,  K.E.  and  Babel,  H.W.,  “Optical  Property  Degradation  of  Anodic  Coatings  in  the 
Space  Station  Low  Earth  Orbit,”  presented  at  the  AIAA  Materials  Specialist  Conference,  Dallas, 

Texas,  16-17  April  1992. 

12  Le  H G Simpson,  K.E.,  Smith,  C.A.  and  O’Brien,  D.L.,  “Modified  Sulfuric  Acid  Anodic 
Coatings  for  Spacecraft  Thermal  Control,”  presented  at  the  5th  International  Conference  on 
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Surface  Modification  Technologies,  University  of  Birmingham,  United  Kinqdom  2-4 
September  1991 


13.  LeVesque,  R.  J.  II,  Jones,  C.  A.,  and  Babel,  H.  W„  Clear,  Colored  and  Black  Anodic 

o^iaSSofrLP,a!SIVe  ,Ther!T^1  CI°ntro1 0f  the  lnterna,ional  Space  Station,  SAE  Technical  Paper 
iqqr3'  25th  lntema,lonal  Conference  on  Environmental  Systems,  Sand  Diego,  10-13  July 

I yyo 


14.  LeVesque,  RJ„  Ho,  M.M.,  Vickers,  B.D.,  Babel,  H.W.  and  Pard,  A.0),  “Black  Anodize  as  a 
Thermal  Control  Coating  for  Space  Station  Freedom,"  presented  at  the  AIAA  Materials 
Specialist  Conference,  Dallas,  Texas,  16-17  April  1992 


15.  Daneman,  S.A.,  Babel  H.W. , and  Thomlinson,  M.M.  "Advancements  in  Long-Life  Thermal 
Control  Coatings  for  Low  Earth  Orbit  Applications,"  presented  to  23rd  Conference  on 
Environmental  Systems,  Colorado  Springs,  Colorado,  12-15  July  1993. 

16.  Babel,  H.  W.  and  Le,  G.  H.,  High  Emittance  Low  Absorptance  Coatings  U S Patent 
Number  5,296,285,  May  26,  1992 


See  reference  15 


Characterized  Low  Emittance  Conversion  Coatings 

17.  LeVesque,  R.  J DeJesus,  R.  R„  Jones,  C.  A.,  and  Babel,  H.  W„  Low  Emittance 
Chromated  Chemical  Conversion  Coatings  for  Spacecraft  Thermal  Control  in  Low  Earth  Orbit 
presented  at  the  Space  Technology  & Application  International  Forum  for  The  Institute  for 
Space  and  Nuclear  Power  Studies,  7-11  Jan  1996,  Albuquerque,  NM 

Thermal  Control  Working  Standards  and  Design  Properties  for  BOL  and  EOL  with 
Contamination 

18.  Smith,  C.  A.,  Dever,  J.  A.,  and  Jaworske,  D.  A.,  Measurement  of  Solar  Absorptance  and 
Infrard  Emittance  of  Spacecraft  Materials,  Proceedings  of  the  7th  International  Symposium  on 
Materials  in  a Space  Environment,  16-20  June  1997,  Toulouse,  France. 

19.  Smith,  C.A.,  Jones,  C.A.  and  Babel,  H.  W.  Measurement  Effects  on  Optical  Property 
Design  Values,  Report  MDC  92H0783A,  February  1993 

20.  David,  K.,  Normal  and  Hemispherical  Emittance  Measurements  Made  at  Surface  Optics 
Corporation,  Report  MDC  95H0397,  August  1995 

21.  Babel.  H.  W.,  Jones,  C.  and  David,  K.,  Design  Properties  for  State-of-the-Art  Thermal 

Control  Materials  for  Manned  Space  Vehicles  in  LEO,  Acta  Astronautica  Vol  39  No  5 dp 
396-379,  1 996  ’ 


22.  Unpublished  information  from  AZ-Technology  on  their  instrument  TEMP2000  for 
emittance  measurements  on  round-tube,  8-16-94. 
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23.  Le,  H.  G.  and  O’Brien,  D.  L.t  Process  for  Producing  a High  Emittance  Coating  and 
Resulting  Article,  U.S.  Patent  No.  5,  217,600,  May  1, 1992 

24.  David,  K.  E„  Jones,  C.  A.,  and  Babel,  H.  W„  "Update  on  the  Degrading  Effeds ;of  Siliwne 
on  Exposed  Spacecraft  Surfaces,"  presented  at  the  1995  International  ASME/JSME/JSES 
Solar  Energy  Conference,  Kaanapali,  Maui,  Hawaii,  19-24  March  1995. 

25.  Smith,  C.  A.,  Jones,  C.  A.,  and  Babel,  H.  W.,  "Development  of  a Facility  and  Testing 
Procedures  for  Vacuum  Ultraviolet  Exposure  of  Spacecraft  Materials,"  October  1 994 


26  Babel  H W Hasegawa,  M,  Jones,  C.  and  Fussell,  MDA,  The  Effects  of  Contamination 
from  Silicones  and  a Modified-Tefzel™  Insulation  on  Critical  Surfaces  of  the  International  Space 
Station,  47th  IAF  Conference,  Beijing,  China,  7-11  October  1996 


27.  Jones,  C.A.,  David,  K.E.,  LeVesque  II,  R.J.,  Babel,  H.W..  "Environmental  Effects  on 
Passive  Thermal  Control  Materials  of  the  Space  Station  Freedom,"  presented  at  the  44th 
Congress  of  the  International  Astronautical  Federation,  Graz,  Austria,  16-22  October  1993 


28.  Babel,  H.  W.,  Jones,  C.  A.,  Daneman,  S.  A.,  David,  K.  E.,  Smith,  C.  A.,  "Understanding 
and  Controlling  the  Degrading  Effects  of  Silicone  on  Exposed  Spacecraft  Surfaces, 
presented  at  the  6th  International  Symposium  on  Materials  in  a Space  Environment,  Noordwij  , 
The  Netherlands,  19-23  September  1994. 


29.  Dever,  J.  A.  unpublished  data  VUV  Exposure  of  Tefzel-Contaminated  Z-93-P,  NASA 
LERC  test  Results  on  tests  conducted  between  10/29/96  and  11/20/96 


30  Babel,  H.  , Hasegawa,  M„  Jones,  C.,  and  Fussell,  J..  The  Effects  of  Contamination  from 
Silicones  and  a Modified-Tefzel™  Insulation  on  Critical  Surfaces  of  the  International  Space 
Station,  47th  IAF  Congress,  Beijing,  China,  October  7-11, 1996  Paper  IAF  96-1.5.08 


31  Smith  CA  Lan,  E.H.,  Cross,  J.B.(3),  “A  Technique  to  Evaluate  Coatings  for  Atomic 
Oxygen  Resistance,”  presented  at  the  33rd  SAMPE  International  Symposium,  Anaheim, 
California,  March  1988. 


32.  Cross,  J.B.(3),  Lan,  E.H.,  Smith,  C.A.  and  Arrowood,  R.M.(5),  “Evaluation  of  Atomic 
Oxygen  Interaction  with  Thin  Film  Aluminum  Oxide,”  presented  at  the  3&  International 
Conference  on  Surface  Modification  Technologies,  Neuchatel,  Switzerland,  August  1989. 

33  Babel  H W "LDEFs  Contribution  to  the  Selection  of  Thermal  Control  Coatings  for  the 
Space  Station,"  presented  at  the  Third  LDEF  Post-Retrieval  Symposium,  Williamsburg, 
Virginia,  8-12  November  1993. 


229 


CM 

h- 

0 

"O 

O 

C O 
O 

CO  O) 

E .E 
° o5 
H § 

Of  g) 
E LU 

0 

CO 

1 

a 
c 
o 
O 


CO 

CO 


0 

c 

0 -O 

O c 
-*->  _co 

O)  ^ 
= 0 


0 

o 

0 0 
Q.  jQ 

CO  C 
-n  0 

E 0 


0 

~o 

■o 

o 

CD 


CD 


231 


1997  Spacecraft  Contamination  and  Coatings  Workshop,  Annapolis  MD,  9 July  1997 


Overview 
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Shaun  R.  Thomson  i 997  Spacecraft  Contamination 
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What  is  Contamination  Modeling? 
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Contamination  Modeling  Goals  & Areas 
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Molecular  Transport  - Explanation 

• Most  common  analyses  area. 
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0 Temperature 

0 Emission  properties  (materials  and  thruster/vents) 
Geometry  (and  operational  modes) 

0 Local  environment  (e.g.  Atmosphere,  UV,  etc.) 

1997  Spacecraft  Contamination  and  Coatings  Workshop 


Molecular  Transport  - Modeling  Tools 
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Shaun  R.  Thomson  ^997  spacecraft  Contamination  and  Coatings  Workshop 

GSFC/NASA 


Molecular  Transport  - General  Procedure 

• Generate  Geometry  Model 
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1997  Spacecraft  Contamination  and  Coatings  Workshop 


Particle  Transport  Modeling 

• Tracking  the  transport  of  Particulate  Contamination. 
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Currently,  Modeling  consists  of  “hand”  calculations,  based: 

° Particle  dislocation  probability. 

° Worst  case  redistribution  patterns. 

° No  automated  tool  similar  to  Molecular  Transport  Modeling. 

1997  Spacecraft  Contamination  and  Coatings  Workshop 


Atomic  Oxygen  Erosion 

• Becoming  a more  and  more  requested  Analysis 

• Examining  role  of  Atomic  Oxygen  on  erosion  of  S/C  materials 
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Rarefied  Pressure  Analyses 

Responsibility  for  these  analyses  have  recently  fallen  on 
GSFC  Contamination  Engineers. 


o 


0 

‘0 

0 

0 

1 

0 

3 

0 

0 

0 

i_ 

CL 

C 

o 

0 

i_ 

3 

CO 

CO 

0 


03 

o 

o 

0 


0 

o 

3 

■O 

o 

l— 

Q. 

c 

Sc 

C.2 

B E 

0 

CO  -C 

c 
o 
o 


o 

■M 

03 


CO  ^ 

"co  C 

c 2 

0£ 

-t— > +■* 

03  «- 

E0) 

E 

O J- 
4=  co 

o «5 
£■£ 
o 2 


0.E 

l_  r— 

0 

■ “2  5 

2 «>  w 

^ -Q  — 

(/)  O 0 
0 ^ != 

Q_  0 0 

•rES 

c £ c 
0-^0 
> .C 

£ 


0 

o 


c 

0 

E 

c 

o 


0 

0 


O) 

:i  e 

ES 

4-  O 

0 0 

0 0 

Q -a 


m • 

0 

L_ 

3 

0 

0 

0 


Si 


0 

0 m 

c Jg  c 
— 0 .= 

>2>E 

« 0 O Jj: 

to  E 0 

F | 

±3  0 ^ 

X Wo 
0 0 •*-’ 

<u  E-g 

L—  4-  Qj 

0 O •— 

52  c o-ai 

o O 0 O) 

■K  '0  ^ £ 
m 0 0 2 

0.  ■“  n\  *— 


“SS?!=  ® 

£ Q_  0 C p 0 +Z 

o_  -O  a)|5  50 

0 0 ^000  ~ 
c — *- 
0 


a.  |g 

^ LLI  0 
O o 


cEi 


ioSS 


0 ■ 
— 0 


O 

o 

-*— » 

TO 

C 

0 


0 

O 
0 

E 

-r  "o 

o g 

CL  c 

0 -c 


0 

■O 

o 

E 


0 

*4-» 

0 

X 

0 

o 

o 

■a 

0 


(/> 

0 

a 


0 

c 

E 

0 
-♦— » 

0 

TD 

s O 

V) 

0 

C 

o 


c 

0 


c 
c 

o E 

CL  0 

c = 

S 8 


0 

0 


_2  3 

O '' 


0 

o 

TD 

0 

“O 

o 


0 

7?  “ - 

O 0 ^ 

^ — 8 

O O 

^00 

2 « Q. 

O cn 

22-0 

-3  _ 0 

■*“’  C3  co 

m—  c ca 

° ■*=  0 

r-  •—  0 

L-  y l- 

.2  0 = 
0 l+- 
/-O'- 

§ (D-S 

X 

®o§ 

5 -s° 

3 ^ 

0 


X 

3 


0 
3 
CT 
0 

0 
o 

-4— • 
0 
C 

lx 
0 

t:  □ ■ 

C 0 

0 u 

£ g 

0 E 

O)  14_ 

c o 

CL  c 

£ o 

0 £5 
c 


E 0 ^ 
E -o  $ 

0 y* 

0 Ml 

O 3 


UJ 

<D  <D 

tr\  ^ 

Q. 


Q. 

O 


r 


C/3 

O) 

C 

"co 

o 

O 


*o 

c 

03 

c 

o 

03 

c 


E 

03 

C 

O 

o 

03 

o 

0) 

o 

03 

CL 

CO 


Is- 

03 

03 


O 

0 

E 

o 

-C 


< 

< 
Z 

O 

LL 

— co 

CO  O 


a: 

c 

ZJ 

0 

SI 


241 


Applications 


CD 

"O 

O 


o 

c 

o 


o 

> 

LU 


oo 

03 


O 

LL 

CO 

o 

-f— 9 

CD 

co 

0 


o 

< 

O) 


_Q 

CD  c 

&s 

O TO 


00  ^ 
CO 

H o 

< D- 
$ 


C 

o 

CD 

c 

CD 

E 


O) 
CO 


CD 


c 

0 


= c w 
0 
"O 
O 


CD  LU 

c 


E - 

§ <D 

0 o 
CL  ^ 
X 


i=  7n  CD 


CL 

O 

0 

> 

0 

Q 

0 

C 

CD 

0 

00 

o 

LL 

CO 

(3 


c 

o 


c/) 

03 

o 

to 

0 


£ s 

0 □? 

~0 
o 


0 

to 

o 


S P 

o 
0 


.2  £ 
0 

0 . 

QQ 


CD 

^0 

0 


Si 

f < 

® o 

Q.W 
X ^ 
0 CO 

" — . 4-« 

0 C 
0 0 

l'| 

m—  Q_ 

"O  ^ 
0 UJ 

co  -+-« 
0 -C 

_q  .2> 

^ii 

O 0 
3 
O 

S > 

-Q  0 
0 i~ 

—I  Q_ 


0 
CL 

X O 0 

ty  .2.  a 

= 2 3 

.2  cl  o 
ro  D)^- 

O sg  ■ “ ® 


c 0 
a)  x 
> 0 


o 

0 

h— 

0 

j— 

o 

0 

L_ 

0 

£ 


£ 

0 
H— * 

0 

i_ 

CD 

0 


O „ 
CO  w 


0 

> 

o 


0 

0 

c 

0 

CD 

0 

70 

0 

E 

1 

c 

o 

c 

CD 

g 

0 

X 

0 


0 

O"  *- 
— O 0 
(— 


col? 

=P  £ 15 1 
^ off 
Q. 

— 0 cr 

§ >2 

Q ' 


0 

"O 

0 

i— 

CD 

CL 


0 

0 

0 

0 

4Z 

Q- 

!5 

i— 

o 

c 

o 


70 

0 


0 

C 0 
® C 

E 0 
0 E 
■—  0 
3 .!= 
CT  3 
0)  CT 
(£  2 

0 0 

if 

o 5) 

CO  +* 
KJJ  0 


0 £ 

.E  >, 

E * 

0 0 

s— » 

o-g 

o o 
c £ 

0 CD 

If  i 

° s- 

1* 

Q ' . 


242 


impact  Design. 

Functioning  as  a (pre)  Phase-A  subsystem. 
Minimizing  Contamination  during  design  process. 

Shaun  R.  Thomson 

GSFC/NASA  1997  Spacecraft  Contamination  and  Coatings  Workshop 


Applications  - Requirements  Development 
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Shaun  R.  Thomson  <1997  Cnacecraft  Contamination  and  Coatings  Workshop 
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Applications  - Design  Impact  (Examples) 

i ♦ At  GSFC,  Contamination  modeling  tools  commonly  influen 
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Use  ODBC  to  access  legacy  databases 
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High  visibility  ceramic  coatings  for  EVA  crew  aid 
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■ Future  CC  issues  for  interplanetary  missions 
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Particles  in  FOV 
of  guidance  sensors 
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electrostatic  fields  and  charges  may  be  static 
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cleaning 

software  and  flight  operations  changes 


CC  close  to  the  sun 
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but  not  for  cold  instruments 


CC  close  to  the  sun 
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better  mission  design 


Planetary  Protection 
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Other  CC  historical  matters 
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Future  CC  issues  for 
interplanetary  missions 
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handling  hardware  (flight  and  GSE)  is  required 


Future  CC  issues  for 
interplanetary  missions 
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PH:  615-454-7719 
Fax:  615-454-6348 
Fmail:  wood(a)hap.arnold. af.mil 
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MSX  Flight  QCM  Results 
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Cryofilm  Optical  Properties 

Database 
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SCHEMATIC  OF  2 FT  X 3 FT  CHAMBER  COMPONENTS 
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Effects  of  Chemglaze  /.300  paint  contaminants 
on  77  K germanium  window  transmittance 
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CALCulation  of  Reflectance  and  Transmittance 


298 


Radiation  Incidence  Angle 
Substrate  Refractive  Index 


Effects  of  0.5-micron-thick  C0h,H20, 
and  CO  cryofilms  on  mirror  having  a 
98-percent  reflectance 
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AF-90-738 


Detector 
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bidirectional  reflectance  distribution  function 


Contaminated  mirror  BRDF  at  0.63  pm 
versus  scatter  angle  for  oxygen  films 

condensed  at  1 5K 
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Effects  of  Cryofilms  on  Mirror  BRDF 
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SOLAR  ABSORPTANCE 
MEASUREMENTS  FACILITY 
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MIRROR  DEGRADATION,  URALANE  5753LV 
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MIRROR  DEGRADATION,  DC  93  500 
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JOB  0222  (10/31/94)  SILVtB  BOU-tT 


VUV/UV  SPECTRAL  SYSTEM 
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DETECTOR 


Transmittance  as  function  of  Soiithane  film  thickness. 


Transmittance  as  function  of  RTV-142  film  thickness. 
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Artist's  Drawing  ot  Midcourse 
Space  Experiment  Showing 
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S-96-593 


Artist’s  Drawing  of  Spirit  III 
Telescope  Sensor  System 


318 


S 96  594 


319 


(0 


© 


c 

0) 

E 


C0 

c 


O 

O 


(0 

0 

> 


o 

0 

■Q 

O 


.2o 

1 ® 

■o  C 
*«  o 

g« 

c .t; 

E a 

© to 

§| 
o £ 

2 5 

3 i_ 

(0  o 
(0  }- 
© ± 

E E 

2 £ 

O <5 
O £ 

of  & 

« O 

.£  * o> 
jo  c o 

D O K 


■o 

0) 

(0 

3 

CO 

o 

"3 

> 

a> 

c 

CO 

c 

■ MM 

E 

«s 

c 

o 

o 

V 0 

2 © 

© <0 

§ -2 

■o  £ 

IS 

0)  o 

.£  O 

£ « 

© ’C 

0 ‘5. 
a to 


£ 

a 

o> 

c 

3 

■o 

"O 

0) 

CO 

c 

a> 

■g  CO 

£ o> 

O CO 
O CO 

CO  £ 

0)  Q- 

n ° 

O)  C 

If.  o 
O «!. 

© 8 

.2  a 

g-o 
a e 
(0  © 

I ^ 

a>  o 

a>  c 

Q o 


"O 
co  £ 

Q)  CO 

c s 

O CO 

W 3 

O g 

© C 

co  w 
£ a> 

c ° 

J« 

.tr  3 
© © 

l§ 

"D  0) 

© C 

i| 

5 “ 

a> 

"O 

CO 

S o 
O £ 

O § 

I-  D) 

O)  o 

.Etj> 
w cDD 
3 co  CO 


c 

o 

o 


"O 

a> 

3 

CO  _ 
CO  o 

® -o 
Es 

£ c 
© o 

im 

c © 

i I 

If 

■o  O 

g X 

© W 

.£  S 

E £ 
© © 

c * 
o 
o 

©2 

£ © 

© 2 

E o 
© O 
© f— 

© > 
3 £ 


a 

s 


320 


Instrument  Section  of  MSX 
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TGA  OF  LAYERS  OF  C02.  THEN  02.  THEN  N2  (S/N  1390) 

(HEATING  RATE  1 .0  K/MINI 
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RYSTAL  TEMPERATURE.  K 
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THERMOGRAVIMETRIC  ANALYSIS  OF  CONDENSED 
LAYERS  OF  NITROGEN,  OXYGEN,  AND  CARBON 

DIOXIDE  GASES  _ 
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1390  CRYSTAL  TEMPERA! 


CQCM  Frequency  versus  Time  in  Days 
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Thermogravimetric  Analysis 
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Temperature, 


CQCM  TGA  Performed  after  SPIRIT  3 
Baffle  Heating  during  SECOT 
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Mirror  Scatter  Due  to  Argon  Films  Condense 
at  16K  and  for  10.6|im  Wavelength 
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Frequency  versus  Time  Plots  for  TQCM  #4 
owing  Increases  Due  to  Accreted  Mass 
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Frequency  versus  Time  Plots  for  TQCM  #2 
Showing  Increases  Due  to  Accreted  Mass 
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Time,  Days 


Accreted  Contaminant  Film  Thickness 
versus  Mission  Elapsed  Time  for  CQCM 

and  All  Four  TQCMs 
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Film  Thickness  Deposition  on  Each 
of  the  QCMs  as  of  2/4/97 
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Calculated  Effect  of  1 50  A Film  of 
H20  on  20  K Mirror  Reflectance 
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Wavenumber,  cm*1 


Status  of  MSX  Quartz  Crystal 
Microbalances  (6/1/97) 
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TQCMs  having  view  factors  of  solar  panels  are 
experiencing  the  largest  depositon  rates 
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uum  radiator  temperatures  have  provided  data  for 
determining  thermal  effects  of  solarized  contaminants 
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USU/SDL  - J.S.  Dyer 


of  ASTM  E 1559 
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EFFUSION  CELL 
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ln2  feedthrough 
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ISOTHERMAL  OUTGASSING  TEST 

(Raw  data:  frequencies  of  QCMs  as  a function  of  time  for  a constant  sample  temperature) 
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QCM  THERMOGRAVIMETRIC  ANALYSIS  (QTGA) 

(Raw  data:  frequencies  of  QCMs  as  a function  of  temperature  • sample  not  present) 
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Example  #1 


Chemglaze  Z306  with  Deft  primer 


345 


QCM  Frequency  and  Mass  Deposited  on  QCM  during  the  Isothermal 
Outgassing  Test  on  Chemglaze  Z306/Deft  Primer  at  125°C. 
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Mass  Deposited  on  QCM  (g/cmA2) 


Total  Mass  Loss  (%) 


Total  Mass  Loss  from  the  Sample  during  the  Isothermal  Outgassing  Test 
of  Chemglaze  Z306/Deft  Primer  at  125°C. 
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Total  Mass  Loss  (g/cmA2) 


Test  Time  (hr) 


Volatile  Condensable  Material  for  QCMs  at  160  K,  220  K,  and  298  K during 
the  Isothermal  Outgassing  Test  on  Chemglaze  Z306/Deft  Primer  at  125°C. 


Measured  and  Corrected  Frequencies  for  the  80  K QCM  during  the  QTGA 
of  the  Collected  Deposit  from  Chemglaze  Z306/Deft  Primer  at  125°C. 
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QCM  Frequency 


Mass  Loss  from  QCM 


Bill 


QCM  Temperature  (K) 


. , _ tVl_  or,  v oCM  during  the  QTGA  of  the  Collected 

Mass  Loss  from  the  80  K QUM  au  8 Primer  at  125°C. 
Deposit  from  Chemglaze  Z306/Deft  Pnmer  at  izo 


evaporation  Rate  from  QCM  (g/cmA2  s) 


3E-09- 


2E-09 


IE-09 


QCM  Temperature  (K) 


Evaporation  Rate  from  the  80  K QCM  during  the  OTGA  of  th*  n ♦ , 
Deposit  from  the  Chemglaze  aoSSLftl SlOT ^ 


Evaporation  Rate  from 


Evaporation  Rate  from  the  80  K QCM  during  die  QTGA  of  the  Collected 
Deposit  from  the  Chemglaze  Z306/Deft  Primer  at  125  C. 


Example  #2 


Contaminated  Kapton 
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96JUN04Q:  QTGA  after  Kapton  (contaminated)  at  150°F 


96JUN04Q:  Scan  Avg  117-129  (116.02  - 128.02  min)  - Back 
Base:  18.00  Int:  4.14379e+006  Sample:  Kapton  (co^-.nJW) 
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10000 
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m QCM  (g/i 


Example  #3 


Cis-polyisoprene 
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Volatile  Condensable  Material  (%) 
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96JAN05:  Scan 
Base:  18.00 


Avg  3-4  (10 . 02- 
Int:  6.39405e+006 


ILple^U-plt^isoprena  on  glaff 


File: 

Operator : 

Date  Acquired: 
Method  File: 
Sample  Name: 
Misc  Info: 

ALS  vial: 


C: \CHEMPC\DATA\KATHI\AC1631A.D 

KG 

12  Jan  96  11:09  am 

TD10DB5.M 

**100FOR10.TCP 


NZZL-120 . CCP**CIS-POLYISOPRENE 


5 


Jile:  C:\CHEMPC\DATA\KATHI\AC1631A.D 

Operator:  KG 

Date  Acquired:  12  Jan  96  11:09  am 

Method  File:  TD10DB5.M 

Sample  Name: 

?t!JC  Jnf°:  **100FOR10.TCP 

ALS  vial : 5 


(tC/ms 

NZZL-120 . CCP**CIS-POLYISOP 


Evaporation  Rate  from  QCM  (g/cm2  s) 


96JAN08Q:  QTGA  after  Cis-polyisoprene  at  30*C  to  0°C. 


(bulk  material  sample) 
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Example  #4 


Hytrel  8068  Fiber  Optic  Boot 
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Total  Mass  Loss  (%) 


9SSEP19B:  Hytrel  8068  Black  Fiber  Optic  Boots  at  125°C. 
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ToUl  Mass  Loss  (ng/boot) 


Volatile  Condensable  Material  (%) 


95SEP19B:  Hytrel  8068  Black  Fiber  Optic  Boots  at  125°C. 


0 5 10  15  20  25 


Time  (hr) 
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Volatile  Condensable  Material  (iig/boot) 


B 

C 

D 

E 

F 

G 

H 


2 % (1)  unidentified  aromatics  nharartcri7'»d 

by  ions  at  77, 91 

6 % (1)  diethyl  biphenyl 

(2)  unidentified  species  characterized 
by  ions  at  181, 210 

(3)  tetrabromobenzcnc 

5 % (1)  unidentified  amine  characterized  by  strong 

ion  at  58  6 

(2)  small  amounts  of  unidentified  species 
characterized  by  ions  at  135, 137, 149, 151 

(3)  small  amounts  of  unidentified  species 
characterized  by  ions  at  420, 452 

17  % (1)  unidentified  amine  characterized  by  strong 

ion  at  58 

(2)  unidentified  species  characterized 
by  ions  at  91, 134 

23  % (1)  unidentified  species  characterized 

by  ions  at  91, 134 

(2)  small  amounts  of  unidentified  species  characterized 
by  ions  at  285,  302,  374,  397, 421 

10  % (1)  unidentified  species  characterized 

by  ions  at  240, 268 

(2)  unidentified  species  characterized 
by  ions  at  268, 296 

2 % unknown 


t percentage  of  the  outgassed  species  (TML)  found  in  this  evaporation  group 
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Example  #5 


Cleanliness  Characterization  Tests 
(Al,  Ti,  SS...  substrates) 
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97JUN24A:  Empty  Cell  at  12S°C. 
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97JUN24B: 
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to  success. 


The  entire  group  of  professionals  needs  to  develop  and  maintain  expertise  and  exposure  t 
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issues  will  command  precedence.  Strive  for  excellence! 
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CALORIMETRIC  EMITTANCE  FACILITY 


Purpose: 


Temp  Range: 
Sample  Size: 


Determine  the  Total  Hemispheric  Emittance  of 
Thermal  Control  Coatings 


40°K  - 340°K 

1.5”  diameter  Aluminum  Substrate 
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F.g.  7.  Transmittance  and  reflectance  of  Infrasil,  1.5  mm  thick, 

the  wavelength  range  from  2 to  1000  um. 


1 .50"  Diameter  Cylindrical  Sample 
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Calculation  of  Emittance 


- n>Cp  AI.a  a e- (t4-  Ts4)  + Q q ^ _ q 


gas 


'sd 


„ ATvk  A Tv, 

■raP'CPc, S-“. 


At 


k At 


'ocl((Ti)4-(Tsi)4]-Qw  -Q 


gas, 


+ Q 


sd. 


v0(W4-  K)4’ 


Where: 


m*  = mass  of  Aluminum 
mp  = mass  of  coating 
e = total  emitting  area  of  coating 
a*  = area  of  sensor  screw 
T = Temperature  of  Sample 
Ts  = Temperature  of  Shroud 
o = Setefan-Boltzman  constant 
e = emittance  of  sensor  screw  head 
At  = time  for  sample  change  temp 
AT=  Temperature  interval 
Cprt  = Specific  heat  of  Aluminum 
CPc  — Specific  heat  of  coating 

Q.  = Heat  Joss  due  to  Heat  Radiation  from  Sensor  Leads 

Qb..  = Heat  loss  due  to  Residual  Gas  in  Chamber 

Q.d  = Heat  input  due  to  resistive  heating  from  Silicon  Diode  Sensor 
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Heat  Losses 


Heat  loss  due  to  residual  Gas  in  Vacuum  Chamber: 


273 

Qgas=A  a — (T-Ts)  P a 
"v  Ts 


Heat  flow  through  sensor  wire: 


qw=-  % ■ 


k-D  e c 


TS  - 5 Ts4  T-h4  TsS' 
10 


+ k A 0 D3  a 


T2-  2 Ts  T-  Ts 


2\ 

/ 


l 

12 


•P 


Where: 

D = diameter  of  wire  m 
k = thermal  conductivity  of  wire 
T = temperature  of  sample  (K) 

Ts  = temperature  of  shroud  (K) 

e = emittance  of  wire  coating 

a = Stefan-  Boltzman  constant  W/m2K4 

P = Pressure  in  torr 

a = accommodation  coefficient 

A0  = free  molecular  conductivity  at  0°C 
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Reflectance 


Reflectance  of  Z306  as  a function  of  angle  of  incidence 


Wavelength  (m) 


Z306  Reflectance 

at 

20 

deg 

Z306  Reflectance 

at 

30 

deg 

Z306  Reflectance 

at 

40 

deg 

Z306  Reflectance 

at 

50 

deg 

Z306  Reflectance 

at 

60 

deg 

Z306  Reflectance 

at 

70 

dge 

Z306  Reflectance 

at 

75 

deg 

— Z306  Reflectance 

at 

80 

deg 

et(0,T)  sin(0)  cos(0)  d0 


et(0,T)«l 


*X2 


Jxi 


8 n he 

p(X) ; — r dX 


hc  \ 

5 

XkT.  I 

x ■' 

le  1/ 

rx2 


Jxi 


8 Jt  h c 


he  \ 

< 1 
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Error  in  emittance 


Emittance  of  Z306/pure  aluminum 


Z 3 06/pure  aluminum 
Euro  data 
Z306  max 
Z306  min 


Estimated  Error  in  Emittance  Calculation 
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SOLAR  WIND  FACILITY 


Purpose: 


Sample  Size: 
Beam  Energy: 
Current  Density: 
Beam  Size: 


Design  Criteria: 


Simulate  Solar  Wind  & measure  degradation  of 
Thermal  Control  Coatings  cause  by  UV  & p+ 

12  samples  2cm  dia 

500eV  - lOKeV  ±50eV 

2.7nA/cm2 

12cm 

Exposure  time  significantly  less  than  old  facility 
UV  simulation  more  complete 
Absolute  In-Situ  Reflectance  measurement 
Integrating  Sphere  independent  from  main  chamber 
Minimum  of  12  samples 
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GSFC  Solar  Wind  Facility 
Planned  Testing 


Initial  Test 


1.  MS74 

2.  S13GPLO 

3.  NS43G 

4.  Ag  Teflon  5mil  FEP 

5.  Ag  Teflon  2mil  FEP 

6.  VDA/Kapton  5mil 

7.  ITO/VDA/Kapton  2mil 

8.  NS43C 

9.  A276 

10.  GSFC  Composite  Coating 

11.  Z93P 

12.  VDA  (degrading  reference) 


Second  Test 


1.  AZ174 

2.  Z306 

3.  Z307 

4.  Z93SC55 

5.  AZ4301 

6.  L300 

7.  H322 

8.  Spectrally  Selective  Coating 

9.  Z93SC1655 

10.  A276 

11.  Dark  Mirror  Coating 

12.  VDA  (non  degrading  reference) 
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THERMAL  COATINGS 


Coatings  Measurement  The  reflectance  and  transmittance  of  thermal 

Facility  control  surfaces  are  measured  over  the 

wavelength  range  0.25pm  to  2.5  pm.  From  this 
data  the  solar  absorptance  is  calculated  via 
ASTM-E903-82.  The  normal  emittance  (en)  is  also 
calculated  from  normal  reflectance  data  of 
surfaces  from  5 to  40  pm. 

This  facility  is  designed  to  provide  long  term  full 
spectrum  solar  exposure  for  14  thermal  coatings 
test  samples  under  vacuum.  A dedicated 
spectrophotometer  is  capable  of  measuring 
degradation  of  reflectance  of  the  test  samples  in- 
situ. 

The  Calorimetric  Emittance  facility  has  been 
designed  to  measure  the  total  hemispheric 
emittance  of  thermal  control  surfaces  via  a 
calorimetric  technique  over  a temperature  range 
of  40°  K - 350°  K. 


Electrostatic  Facility  The  Electrostatic  Charge  Facility  is  designed 

to  determine  charging  of  thermal  control  surfaces 
under  electron  current  densities  and  energies 
found  on  orbit.  Surface  conductivity  can  be 
determined  for  a coating  from  -150°C  to  100  °C. 


Calorimetric  Emittance 
Chamber 


MULTISEEDES 
UV  Degradation  Chamber 
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Solar  Wind  Facility  The  Solar  Wind  Facility  is  a combined  effects 

chamber  design  to  simulate  the  effects  of  low 
energy  protons  in  combination  with  ultra  violet 
light  on  thermal  control  coatings.  This  facility  has 
the  capability  of  accommodating  twelve  2 cm 
diameter  sample  simultaneously.  These  samples 
can  be  exposed  to  protons  with  energy  ranging 
from  0.5Kev  to  lOKev  with  flux  densities  of  3x1 08 
cm2.  This  intensity  is  sufficient  to  allow  the 
equivalent  of  one  year  of  on  orbit  exposure  to  be 
simulated  in  approximately  3 weeks.  Degradation 
in  that  the  total  hemispherical  reflectance  of  each 
sample  can  be  measured  in-situ  over  the 
wavelength  range  0.25-2.4  pm. 


Bell  Jar  Vapor  Deposition  This  facility  is  a fully  automated  resistance 

System  I evaporation  system.  Utilizing  a programmable 

logic  controller,  capable  of  depositing  a series  of 
up  to  6 different  materials  in  a single  run.  This 
system  is  currently  dedicated  to  coating 
astronaut  visors  exclusively 


72  inch  diameter 
Vapor  Deposition  System 
& Thermal  Vacuum  System 


This  system  can  deposit  a series  of  up  to  4 
different  materials  via  resistance  evaporation  plus 
four  additional  materials  via  electron  beam,  in  a 
single  run  with  optional  substrate  rotation  and 
optical  monitoring  capabilities.  This  system  also 
has  an  available  shroud  that  can  be  installed  to 
convert  the  chamber  for  thermal  vacuum  test 
purposes 
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Bell  Jar  Vapor  Deposition 
System  II 


Bell  Jar  Vapor  Deposition 
System  III 


A resistance  evaporator  with  automatic  valve 
sequencing  and  deposition  control,  capable 
of  depositing  a series  of  up  to  5 different 
materials  in  a single  run.  It  also  has  substrate 
rotation  and  optical  monitoring  capabilities. 

A resistance  evaporator  with  substrate  rotation, 
capable  of  depositing  a series  of  up  to  4 different 
materials  in  a single  run. 


Thermal  Vacuum  Chamber  A thermal  vacuum  cycling  chamber  capable 

of  achieving  temperatures  from  - +150°C  to  - 
190°C.  This  chamber  can  be  fitted  with  cold 
plates,  21  by  21  inch  maximum.  The  available 
shroud  in  12  inch  diameter  by  15  inch  height. 


422 


H 

3 * 

2 g 

g < 

H S 


O 

oo  w 


Jo  S> 


€ ^ 
JH  <=y 


t va-/ 

T3  »— h 

(U  Cd 


c * 

n w 

0 ^ 
^ hj 
* 


C/5  cd 

C •— > 


423 


PRESENTATION  OUTLINE 
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HST  BASELINE  THERMAL  DFSirtu 
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STA  238-299 
LOOKING  FORWARD 
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HST  MLI  CONFIGURATION 
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HST  RETURNED  H/W  PROPERTIES 
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S82E5413  1997:02:15  07:57:37 


S82E5442  1997:02:15  11:17:06 
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S82E5440  1997:02:15  11:16:47 


HST  MLI SM2 

Light  Shield  Specimen  Re-assembled 
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Deliberate  Astronaut  Cut 
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S82E5890  1997:02:18  08:14:01 
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EQUIPMENT  SECTION  BAY  7 & BAY  8 REPAIR 
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EQUIPMENT  SECTION  BAY  10  REPAIR  (TOP) 
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Figure  8.  Metalized  Tellon  degradation  (in  geosynchronous  orbit  unless 

otherwise  indicated) 

Reference:  “Satellite  Thermal  Control  Handbook”,  D.  G.  Gilmore,  Editor, 
Aerospace  Corporation 


AFT  SHROUD  TEFLON  FLIGHT  TEMPERATURES 


FAILURE  REVIEW  BOARD  FINDINGS 
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esive  - non  - UV  darkening 


MATERIAL  TEST  PROGRAM 
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SEM,  DMA,  TMA,  Density,  Thermography,  and  Bend  Tests 
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Thermal  Control  Coatings  Development 
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Swales 

Wanda  C.  Peters,  Thermal  Coating  Group  Leader  AEROSPACE 
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Wanda  C.  Peters,  Thermal  Coating  Group  Leader  AEROSPACE 
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CUMULATIVE  POWER  DISTRIBUTION 
DDF  SAMPLE  13B,  HORIZONTAL  ORIENTATION 
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Electrochromic  Coatings: 
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Major  Research  Programs 

secondary  lithium  batteries  (part  of  USABC) 
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Electrochromic  Switching 
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Reflective  and  Absorptive  Modulation 
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Infrared  Modulation  in  a-LixWO 
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Solar  Modulation  in  LixW03 

amorphous  crystalline 


E J!2 
■d  n 


<i> 

o 


s 

"D 

o 

0) 

0) 

CO 

a> 

C 

■ HH 

o 

1 

CO 

CD 

0) 

c 

3 

w.  ^ 

0 

co  .J2 
> 


c 

o 


o 

0) 

:Q 

CO 


"D 

CD 


0) 


CO  O 
6 


c 

o CO 

mmm 

Q. 

O 

CO 

■D 

CO 


485 


EIC  Laboratories,  Inc. 


E 


=L 

CO 

V 

U) 

V 

c 

CO 

■ 

o 

o 

0 

B 

> 

£ 

0 

0) 

0 

■ wmm 

E 

<D 

0) 

c 

O 

CO 

> 

1 

o 

<D 

1 

Q 

£ 

0 

> 

O 

■ Mi 

in 

0 

0 

B^M 

E 

A 

E 

Q> 

o 

o 

o 

o 

0 

> 

0 

> 

o 

o 

0 

o 

0 

o 

£ 

0 

0) 

i 

o 

1 

o 

Hi 

13 

<j> 

1 

0 

> 

1 

0 

> 

% 

(Q 

§ 

0 

0) 

BHM 

E 

a> 

0 

0 

a^M 

E 

o> 

Solat 

• • 


E 


zL 

in 

a 

a 

1 

© 

O) 

c 

a 

o 

0 

E 

.q 

in 

0 

■ 

o 

■ 

l 

■ 

■ 

0 

o 

> 

D) 

0 

C 

a aaaa 

0 

BMM 

A 

E 

O 

0 

0 

c 

A 

CO 

0 

0 

0 

o 

3 

U) 

BMB 

c 

m 

"O 

.Q 

o 

lav 

o 

0 

.Q 

O) 

c 

a mm 

0 

i 

O 

o 

0 

“l 

0 

0 

> 

a wmm 

0 

O 

0 

0 

3 

s= 

0 

a mb 

■O 

• 

• 

486 


EIC  Laboratories,  Inc. 


Device  Requirements  for  Emittance  Control 
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BASIC  DEVICE  CONFIGURATION 


488 


489 


EIC  Laboratories,  Inc. 


Device  with  Polymeric  Ion  Conductor 
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Current  Li+  Polymer  Devices  6-24  [im  Modulation 
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Comparison  with  the  Planck  Distribution 
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Switching  Speed 
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Solar  Absorptance 
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Refinement  in  Low  as  Coatings 
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Low  ocs  Coating 
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Design  of  Solid-State  Variable  Emittance  Coatings 
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Performance  of  Variable  Solar  Absorptance  Coatings 
long-term  switching  at  room  temperature 
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Switching  at  60°C 
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Solid  State  Coatings 
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Anticipated  Performance  of  Optimized  Coatin 
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Near  Term  Objectives 
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Many  Qualified  Individuals  For  Coating  Flight 
Hardware 
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MATERIALS  & COATINGS 
RESEARCH  AND  DEVELOPMENT  AREAS 
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Silicone  Optical  Black  Thermal  Control  Coating 
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AZ-pek  OPTICAL  PROPERTIES  MONITOR 


Detailed  optical  and  thermal  properties,  surface  degradation,  and  contaminate  are 
determined  by  post-flight  analyses. 
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The  Mir  attitudes  and  thermal  environment  are  somewhat  different  than 
planned 


OPM  Reflectometer  Measurements  - (preliminary) 

Optical  Solar  Reflector 
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Wavelength,  nm 


ADVANCED  CONDUCTIVE  THERMAL  CONTROL 

MATERIAL  SYSTEMS 
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ESD  measurement  (GSFC) 
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BINDER  DEVELOPMENT 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  pnf»c 
of  this  viewpraph  presentation. 
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Si  backbone  resin  + In  precursor  salt  and  carbonization 


SUMMARY  OF  BLACK  THERMAL 
CONTROL/OPTICAL  COATINGS 
AT  AMCL/IITRI 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  page 
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OPTICAL,  PHYSICAL  AND  ELECTRICAL 
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Use  or  disclosure  of  data  contained  on  tins  sheet 
is  subject  to  the  restrictions  on  the  title  pape 


Typical  Performance  of  Promising  Conductive  Absorber  Optical  Coatings 

in  Low  Earth  Orbit  (LEO) 

Material 

Pre-exposure 

«s 

Post-exposure 

Aa 

Tested  By 

Inorganic-Conductive 

MH55-IC 

0.940 

0.939 

-0.001 

Aerospace  Corp. 

MH55-IC 

0.942 

0.941 

-0.001 

Aerospace  Corp. 

MH55-IC 

0.928 

0.938 

0.010 

GSFC 

DBG-IP 

0.974 

0.975 

0.001 

Aerospace  Corp. 

DBG-IP 

0.973 

0974 

0.001 

Aerospace  Corp. 

DBG-IP 

0.957 

0.951 

-0.006 

GSFC 

DBG-DHS 

0.958 

0.957 

-0.001 

Aerospace  Corp. 

DBG-DHS 

0.956 

0.956 

0 

Aerospace  Corp. 

Organic-Flexible-  Condu  ctive 

D21S/LO 

0.980 

0.980 

0 

Aerospace  Corp. 

D21SC/LO 

0.956 

0.957 

0.001 

Aerospace  Corp. 

D21SC/LO 

0.955 

0.956 

0.001 

Aerospace  Corp. 

MH21SC/LO 

0.963 

0.964 

0.001 

Aerospace  Corp. 

MH21SC/LO 

0.965 

0.965 

0 

Aerospace  Corp. 

MH41SCB/LO 

0.951 

0.950 

-0.001 

Aerospace  Corp. 

D36SCB/LO 

0.962 

0.967 

0.005 

GSFC 

MH41SCB/LO 

0.939 

0.947 

0.008 

GSFC 

MH21SC/LO 

0.951 

0.955 

0.004 

GSFC 

All  tests  at  GSFC  involved  exposui 

-e  to  1000  ESH  of  UV  and  vacuum. 

All  tests  carried  out  at  Aerospace  Corporation  involved  exposure  to  2000  ESH  of  UV  + 
8.26  x 1013  e'/cnr  [100  KeV]  + 5.18  x 1013  e'/cm2  [35  KeV]  (typical  DMSP  orbit)  and 
vacuum. 

C06804-TB.MD 
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Temperature  (K) 
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Temperature  (K) 
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Temperature  (K) 
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Use  or  disclosure  of  data  contained  on  this  short 
is  subject  to  the  restrictions  on  the  title  page 
of  this  vicwRraph  presentation. 
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•c  wider!  (n  the  restrictions  on  the  title  paj»,e 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  pajjc 
of  this  vicwprapb  presentation. 


CONDUCTIVE  CONCEPT 


in  in  in  m 

m in  in  in 


in  cn  oo 

in  >— i >— 

& S 5 


CJ  (J  U 
K.  U.  t 

o o o o 

sees 
N N N N 


_ u , 

S?  LO 

r-^  cn 
<N  00 


r— ■ fN 

•C*  CO  C/5 


Q O 


U O U U 

t t t t 

o o o o 

c c c c 
N N N N 


554 


2nO(FC)/DTIS-1  U-323(TTG)  0.15  0.92  2.00E  + 09  2.00E  + 08 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  I he  title  page 
of  this  yiewgraph  presentation. 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  page 
of  this  viewgraph  presentation. 


S13GP/L0-1  White  Paint  (Primer  S13GP/L0-1;  Binder  Kasil  2130) 

UV  Degradation  Test 
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Z93P  White  Paint  (Primer  Z93P;  Binder  Kasil  2130) 
UV  Degradation  Test 


esuepeijaH 
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Z93SC55  UE\-2  Conductive  Paint 
UV  Degradation  Test 
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Wavelength  (nm) 


ZD3SC55  #T251  Conductive  Paint 
UV  Degradation  Test 
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Wavelength  (nm) 
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Use  or  disclosure  of  darn  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  page 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  page 
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Use  or  disclosure  of  data  contained  on  this  sliccl 
is  subject  to  the  restrictions  on  the  title  paj'.e 
of  this  yicwjjraph  presentation. 
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OF  IITRI  EXPERIMENTAL  MATERIALS 
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Use  or  disclosure  of  data  contained  on  this  sheet 
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Z93SC1655  NEK-20  Conductive  Paint 
UV  Degradation  Test 


Wavelength  (nm) 
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flexible  white 

CONDUCTIVE  COATING 
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== 'riygifa:  ***"- 

I Prp-exDosure  1 Post-exposure  Aa  I Tested  By 


Pre-exposure  Post-exposure 
Material  Cfc  “s 


7 ; Z-93CXY  - Hash  calcination  of  ZnO  (SP-500)  to  retain  controlled  Zn 

C0ncep  S.  and  stabilization  wUh  doped  hybnd,  stltcate  bmder. 


ZnO(FC)/DHS-2 

ZnO(FC)/DHS-2 


0.139 

0.146 

0.158 


0.141 

0.146 

0.168 


0.002 


Aerospace 


0.000 

Aerospace 

Corp. 

0.010 

GSFC* 

7nO(FCVDHS-2  0158  | ! : “ "T 

' StabUiza  Ion  of  Zn  interstitials  via  microencapsulatton  and 

C°nCept:  fnf^o/^rid  siiicate  and  doped  hybride  silicate  bmdeg__ 


S13GP/DHS-1 

S13/GP/DHS-1 

S13GP/SS-55 

S13GP/SS-55 


0.147 

0.142 

0.125 

0.127 


0.153 


0.006 


Aerospace 

Corp. 


S13GP/SS-53  | OHO I ^ 1 — 1 7^, 

S13GP/SS-53  1 jj  I 0 206  ' 7" 

Concept: 

* r - - • • t ! kltiHpr  . 


0.148 

0.006 

Aerospace 

Corp. 

0.140 

0.015 

Aerospace 

Corp. 

0.137 

0.010 

Aerospace 

Corp. 

0.177 

0.037 

GSFC** 

0.206 

0.055 

GSFC** 

bind 

DS13N/SS-55 

DS13N/SS-55 

DS13N/DHS-2 

er  or  dopeu  ay  urn 
0.136 

0.137 

0.124  | 

Li  aiiiwau*  • 

0.173 

0.153 

0.161  1 

0.035 

0.016 

0.037 

Aerospace 

Corp. 

Aerospace 

Corp. 

Aerospace 

Corp. 

DS13N/DHS-2 

0.122 

0.128 

0.006 

Aerospace 

Corp. 

DS13N/DHS-2 

0.148 

0.154 

0.006 

GSFC* 
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TyPfcaI  Perf0rmanCe  0f  g C„ndUCtive  White  Thenna!  Control  Codings’ 

in  T aw  I ?nw-+U  AT 


1 

Material 

Pre-exposure 

as 

Post-exposure 

«s 

Act 

Tested  By 

Concept:  Fie; 

cible  conductive  white  TCC  with  DS13N  in  string  «i 

icone. 

DS 13N/LO-41 

0.161 

0.278 

0.117 

Aerospace 

Corp. 

DS13N/LO-41 

0.163 

0.239 

0.076 

Aerospace 

Corp. 

DS13N/LO-41 

y-'i 

0.210 

0.430 

0.22 

GSFC* 

** 


ZOT/Phos.  Sol. 

0.131 

0.149 

0.018 

Aerospace 

Corp. 

ZOT/Phos.  Sol. 

0.128 

0.151 

0.023 

Aerospace 

Com 

ZOT/SS-55 

0.117 

0.156 

0.039 

Aerospace 

Corp. 

ZOT/SS-55 

0.112 

— 

0.156 

0.044 

Aerospace 

Corp 

ZOT/SS-55 

0.129 

0.180 

0.051 

GSFC 

Eu,03/SS-55 

0.087 

0.138 

0.051  I 

( Aerospace 
Corp. 

Eu20 3/SS-55 

0.100 

0.126 

0.028 

Aerospace 

Corp. 

Eu,03/DHS-2 

0.093 

0.158 

0.065 

Aerospace 

Corp. 

Eu,03/DHS-2 

0.076 

0.108 

0.032 

Aerospace  I 
Corp. 

Eu,03/SS-55 

0.096 

0.129 

0.033 



* fr^FP  

GSFC* 

Tf,:c  nCt:r  ; v^vouit  or  UV. 

is  GSFC  test  involves  exposure  to  4000  ESH  of  UV. 
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Temperature  (K) 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  page 
of  this  viewgraph  presentation. 
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Use  or  disclosure  of  data  contained  on  this  sheet 
is  subject  to  the  restrictions  on  the  title  page 
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Use  or  disclosure  of  data  contained  on  this  sheet 

is  subject  to  the  restrictions  on  the  title  page  of  I IT  Research  Institute 

this  viewnraph  presentation 
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TRITON  SYSTEMS,  INC. 
Technology  Innovators 


Annapolis  Workshop 
July  10, 1997 
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TRITON  SYSTEMS,  INC. 
Technology  Innovators 


Poly-Arylene  Ether  (PAE)  - Phosphene  Oxides 
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Space  Flights  - Altitude.  AO,  Vijy.  rp 
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Space  and  Ground  AO-YUV  Testers 

• Fast  AO  Testers  Simulate  AO  in  Space  - but  not  VUV  in  Space 

• Slow  testers  simulate  Fast  Testers 
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Triton  Testing  at  PSI  - AO  with  0+,  no  VUV 
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Summary  of  Triton  AO-VUV  Ground  Testin 
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Summary  of  Triton  AO  - VUV  Ground  Testing 
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Stability  of  TOR  Against  AO  Erosion 
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TOR  Stability  in  Absorptance  (a) 
up  to  1,000  ESH  of  UV  - GSFC  Testing 
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COR  and  TOR  with  Kapton  and  Teflon 
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Conductive  C-COR  For  Conductive  Films 
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R Films  For  Inflatable  Structures 
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E-Mail:  stuart.clifton@msfc.nasa.gov 

Rodney  Colen 
CTA  Space  Systems 
1521  Westbranch  Dr. 

McLean  V A 22102-3201 
Phone:  703-883-2681 
Fax:  703-883-2697 
E-Mail:  roolen@email.cta-space.com 
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Michael  Corson 

Research  Support  Instruments,  Inc. 
4325  Forbes  Blvd.,  #B 
Lanham  MD  20706 

Phone:  301-306-0010 
Fax:  301-306-0295 
E-Mail:  Rside@mindspring.com 


PARTICIPANT  LIST 

Fred  Cottrell 
TRW 

One  Space  Park 
Bldg.  01/2210 

Redondo  Beach  CA  90277 
Phone:  310-813-9240 
Fax:  310-812-8768 
E-Mail:  fred.cottrell@trw.com 

Charles  G.  Dan 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 
Phone:  301-286-4467 
Fax:  301-286-1701 
E-Mail:  charles.g.dan.1@gsfc.nasa.gov 


George  Daelemans  * 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 


Pol  Dano 

Rocketdyne/Boeing  North  American,  Inc. 
9800  DeSoto  Ave. 

M/S  LB25 

Canoga  Park  C A 91304 
Phone:  818-586-4176 
Fax:  818-586-2007 
E-Mail:  pol.dano@boeing.com 

Ashok  Desai  * 

NASA  GSFC 
Code  754 

Greenbelt  MD  20771 
Phone:  301-286-1286 
Fax:  301-286-1702 
E-Mail:  Ashok_Desai@gsfc.nasa.gov 

Patsy  Dickens 
Swales  Aerospace,  Inc. 

5050  Powder  Mill  Rd. 

Beltsville  MD  20705 
Phone:  301-286-9735 
Fax:  301-286-1704 
E-Mall:  pdickens@div720.gsfc.nasa.gov 


Larry  Dell 

Lockheed  Martin 

7474  Greenway  Center  Dr. 

Suite  200 

Greenbelt  MD  20771 
Phone:  301-901-6110 
Fax:  301-901-6076 
E-Mall : Dell.Larry@lmmail.hst.nasa.gov 

M.  S.  Deshpande 
IIT  Research  Institute 
10  W.  35th  St. 

Chicago  IL  60616 
Phone:  312-567-4290 
Fax:  312-567-4286 
E-Mail: 

Donya  Douglas  * 

NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 
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Wiliam  Ducas 
Orbital  Sciences  Corp. 

20301  Century  Blvd. 

MS  A-3 

Germantown  MD  20874 
Phone:  301-428-6078 
Fax:  301-353-8619 
E-Mall : bducas@oscsystems.com 

Jim  Elgin 

Spectral  Sciences,  Inc. 

99  South  Bedford  St. 

Burlington  MA  01803 
Phone:  617-273-4770 
Fax:  617-270-1161 
E-Mail:  elgin@spectral.com 

Michael  Fong 
Lockheed  Martin 
1111  Lockheed  Martin  Way 
Sunnyvale  CA  94089 
Phone:  408-743-2633 
Fax:  408-756-0645 

E-Mail: 

Barbara  Gardner 
Maxwell  Technologies 
6888  Balboa  Ave. 

San  Diego  CA  92123-1506 
Phone:  619  496-4188 
Fax:  619  576-7710 
E-Mail:  red@maxwell.com 


Ronald  Gilje 
TRW  Inc. 

One  Space  Park 
R 4/2 098 

Redondo  Beach  CA  90278 
Phone:  310-814-7892 
Fax:  310-813-3390 
E-Mail:  ron.gilje@tnv.com 


Jim  Dyer 

Utah  State  University 
Space  Dynamics  Lab 
1695  N.  Research  ParkWay 
North  Logan  UT  84341-1947 
Phone:  801-755-4386 
Fax:  801-755-4458 
E-Mail:  jim.dyer@sdl.usu.edu 

Lou  Fantano 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 


Kelvin  Garcia 
NASA  GSFC 
Code  754 

Greenbelt  MD  20771 
Phone:  301-286-2680 
Fax:  301-286-1702 
E-Mail : Kelvin.Garcia@gsfc.nasa.gov 

Jeff  Garrett 
Lockheed  Martin 
1111  Lockheed  Martin  Way 
0/48-50  B/195B 

Sunnyvale  CA  94089 
Phone:  408-756-4119 
Fax:  408-742-0290 
E-Mail:  jeff.garrett@lmco.com 

Robert  Gorman 
Swales  Aerospace  Inc. 

5050  Powder  Mill  Rd. 

Beltsville  MD  20705 
Phone:  301-595-5500 
Fax:  301-595-2871 
E-Mail:  rgorman@swales.com 
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B.  David  Green 
Physical  Sciences  Inc. 

20  New  England  Business  Center 
Andover  MA  01810 
Phone:  508-  689-0003 
Fax:  508-689-3232 
E-Mail:  green@psicorp.com 


Frederick  Gross 
NASA  GSFC 
Code  313 

GreenbeltMD  20771 
Phone:  301-286-8349 
F«x:  301-286-1646 
E-Mall:  1gross@pop300.gsfc.nasa.gov 


Barry  Greenberg 
MSEC 
NASA  GSFC 
Code  750.5 
GreenbeltMD  20771 
Phone:  301-286-3310 
Fa*:  301-286-1735 
E-Mail: 

Ross  Haghighat  * 

Triton  Systems,  Inc. 

200  Turnpike  Rd. 

Chelmsford  MA  01824 
Phone:  508-250-4200 
Fax:  508-250-4533 

E-Mail:  ross-h@http://www  .tritonsys.com 


Charles  Lynn  Hakes 
516  Oak  Drive  DW2 
Durango  CO  81301 

Phone:  970  385-4245 

Fax: 

E-Mail:  hakescl@compuserve.com 


Patricia  Hansen 
NASA  GSFC 
Code  724.2 
GreenbeltMD  20771 

Phone: 

Fax: 

E-Mall: 

Robert  Hayduk  * 

NASA  Headquarters 
Washington  DC  20546 

Phone: 

Fax: 

E-Mail: 


David  F.  Hall 
Aerospace  Corp. 

PO  Box  92957 
M2/270 

(replaced  Graham  Arnold) 

Los  Angeles  CA  90009-2957 
Phone:  301-336-1996 
Fax:  301-336-1636 
E-Mail:  David.F.Hall@aero.org 

George  Harris 
Swales  Aerospace,  Inc. 

5050  Powder  Mill  Rd. 

Beltsville  MD  20705 

Phone:  301-286-5743 
Fax:  301-286-1692 
E-Mail:  george.harris@gsfc.nasa.gov 

James  Heaney 
Swales  Aerospace 
do  ITT  Aerospace/Comm 
1919  W.  Cook  Rd. 

Ft.  Wayne  M 468 1 8 
Phone:  219-487-6052 
Fax:  219-487-6088 
E-Mail:  jheaney@swales.com 
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Randy  Hedgeland 
NASA  GSFC 
Code  724.4 
Greenbelt  MD  20771 

Phone:  301  286-4708 

Fax: 

E-Mail: 


Cliff  Jackson 
NASA  GSFC 
Code  704 

Greenbelt  MD  20771 
Phone:  301-286-6862 
Fax:  301-286-0241 
E-Mail:  Cliff.Jackson@gsfc.nasa.gov 


GaryJongeward 
Maxwell  Technologies 
8888  Balboa 

San  Diego  CA  92123-1506 

Phone:  619  496-4142 
Fax: 

E-Mall:  gary@maxwell.com 

James  Kenny 
JPL 

4800  Oak  Grove  Dr. 

Pasadena  CA  91109 
Phone:  818-354-3719 
Fax:  818-393-6869 
E-Mall:  James.T.Kenny@jpl.nasa.gov 


Dennis  Hewitt 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 
Phone:  301-286-5115 
Fax:  301-286-1704 
E-Mail:  dennis  .hewitt@gsfc . nasa . go v 

Jack Jones 
JPL 

4800  Oak  Grove  Dr. 

MS  157-507 
Pasadena  C A 91109 
Phone:  818-354-4717 
Fax:  818-354-0586 
E-Mail:  jack.a.jones@jpl.nasa.gov 

LonKauder 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mall: 

Ritva  Keski-Kuha 
NASA  GSFC 
Code  717 

Greenbelt  MD  20771 
Phone:  301-286-6706 
Fax:  301-286-1649 
E-Mail : ritva.keski_kuha@gsfc.nasa.gov 


Robert  Kiwak 
Unisys  Corp. 

NASA  GSFC 
Code  313 

Greenbelt  MD  20771 
Phone:  301-286-5827 
Fax:  301-286-1646 
E-Mail:  robert.s.kiwak.1@gsfc.nasa.gov 


Mark  Kobe! 

NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 
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Jentung  Ku 
NASA  GSFC 
Code  724.2 
Greenbelt  MO  20771 

Phone: 

Fax: 

E-Mall: 


Scott  Lange 
MSEC 

NASA  GSFC 
Code  750.5 
Greenbelt  MD  20771 
Phone:  301-286-5085 
Fax:  301-286-1735 
E-Mail: 

JohnLennhoff* 

Triton  Systems,  Inc. 

200  Turnpike  Rd. 
Chelmsford  MA  01824 

Phone: 

Fax: 

E-Mail: 


Rarity  Liang  * 

JPL 

4800  Oak  Grove  Dr. 

Pasadena  CA  91109 
Phone:  818-  354-6314 
Fax:  818-393-6869 
E-Mail:  Ranty.H.Liang@jpl.nasa.gov 


Steve  Kwan 
Space  Systems/Loral 
3825  Fabian  Way 
MS  G-12 

Palo  Alto  CA  94303-4504 
Phone:  415-852-6104 
Fax:  415-852-6441 
E-Mall:  kwan.steve@ssd.loral.com 

SuongLe 
Unisys  Corp. 

NASA  GSFC 
Code  313 

Greenbelt  MD  20771 
Phone:  301-286-1114 
Fax:  301-286-1646 
E-Mail:  ntle@pop300.gsfc.nasa.gov 

Steve  LePope 
Unisys  Corp. 

4700  Boston  Way 
Lanham  MD  20706 
Phone:  301-731-8984 
Fax:  301-731-8603 
E-Mail: 

Dong  Lin 

Swales  Aerospace  Inc. 

5050  Powder  Mill  Rd. 

Beltsville  MD  20705 
Phone:  301-286-5798 
Fax:  301-286-1704 
E-Mail:  Dong.Lin@gsfc.nasa.gov 


Richard  Lundstrom 
Lockheed  Marlin 
9742  W.  Ken  Caryl  Dr. 

Littleton  CO  80127 
Phone:  303-971-1663 
Fax:  303-971-2384 

E-Mail:  richard.a.lundstrom@den.mmc.com 


Wiliam  R.  Mast 
NASA  GSFC 
Code  724 

Greenbelt  MD  20771 
Phone:  301-286-9296 
Fax:  301- 

E-Mall:  William. R.  Mast.  1 @gsfc.nasa.gov 
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Carmine  Mattiello  * 

MASA  GSFC 
Code  754 

SreenbeltMD  20771 
Phone:  301-286-6480 
Fax:  301-286-1702 
E-Mail:  carmine.mattiello@gsfc.nasa.gov 


George  Meadows 
Swales  Aerospace,  Inc. 

5050  Powder  Mill  Rd. 

Beltsville  MD  20705 
Phone:  301-286-1353 
Fax:  301-286-1692 

E-Mail:  George.Meadows@gsfc.nasa.gov 


Steven  Meier 
Hughes  STX 
NASA  GSFC 
Code  717 

Greenbelt  MD  20771 
Phone:  301-286-0692 
Fax:  301-286-1649 
E-Mail:  srmstx@www710.gsfc.nasa.gov 


Richard  Mell* 

AZ  Technology,  Inc. 

4901  Corporate  Dr. 

Suite  101 

Huntsville  AL  35805 
Phone:  205-837-9877 
Fax:  205-837-1155 
E-Mail:  rick@mail.a2hsv.com 


Theodore  Michalek 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 


William  Mitchell 
McDonnell  Douglass 
NASA/GSFC 
Code  442 

Greenbelt  MD  20771 
Phone:  301-286-8225 
Fax:  301-286-1778 
E-Mail:  bmitchell@hst.nasa.gov 


Alex  Montoya 
NASA  GSFC 
Code  313 

Greenbelt  MD  20771 
Phone:  301-286-5289 
Fax:  301-286-1646 

E-Mail:  alejandro.f.montoya.1@gsfc.nasa.gov 


Kristina  Montt 
Swales/NASA/GSFC 
Code  724 

Greenbelt  MD  20771 
Phone:  301  286-8579 

Fax:  301  286-1704 
E-Mail:  Tina.Montt@gsfc.nasa.gov 


Daniel  Nguyen  * 

NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 
Phone: 

Fax: 

E-Mall: 


Keith  Niehuss 
NASA  MSFC 
MS  EL23 

Marshall  Space  Flight  Center  AL  358 1 2 
Phone:  205-544-4733 
Fax:  205-544-8807 
E-Mail : keith.o.niehuss@msfc.nasa.gov 
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Brian  Ottens 
NASA  GSFC 
Code  754.4 
Greenbelt  MD  20771 
Phone:  301-  286-3091 
Fax:  301-286-1702 
E-Mail:  bottens@gsfc.nasa.gov 


Edward  Packard 
NASA  GSFC 
Code  754 

Greenbelt  MD  20771 
Phone:  301-286-4106 
Fax:  301-286-1702 
E-Mail:  epackard@gsfc.nasa.gov 


Steve  Pearson  * 
NASA  MSFC 

Phone: 

Fax: 

E-Mail: 


Joe  Petitto 
Unisys  Corp. 

4700  Boston  Way 
Lanham  MD  20706 

Phone:  301-731-8600 

Fax: 

E-Mail: 


Gary  Pippin 
Boeing 
PO  Box  3999 
M/S  82-32 

Seattle  WA  98124-2499 
Phone:  206-773-2846 
Fax:  206-773-5941 
E-Mall:  harold.g.pippin@boeing.com 


Wanda  Peters 
Swales  Aerospace,  Inc. 

5050  Powder  Mill  Rd. 

Beltsville  MD  20705 
Phone:  301-286-5147 
Fax:  301-286-1704 
E-Mail:  wanda.peters@gsfc.nasa.gov 

Ed  Pierson  * 

Lockheed  Martin 
POBox  179 
MS  DC  3085 
Denver  CO  80201 
Phone:  303-971-9109 
Fax:  303-977-4612 

E-Mail:  edward.a.pierson@den.mmc.com 

Edward  Powers  * 

NASA  GSFC 
Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 


Roamer  Predmore  * 
NASA  GSFC 
Code  313 

Greenbelt  MD  20771 
Phone:  301-286-5953 
Fax:  301-286-1646 

E-Mail: 


John  Raab 
Lockheed  Martin 
MS  L5740 
POBox  179 
Denver  CO  80201 
Phone:  303-977-6702 
Fax:  303-977-5853 
E-Mail:  john.h.raab@lmco.com 
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.awrence  Ramsey 
«IASA  GSFC 
Jode  724.2 
Sreenbelt  MD  20771 
’hone: 

Fax: 

E-Mail:  W.Lawrence.Ramsey@gsfc.nasa.gov 


Wiliam  Reaves 
NASA  GSFC 
Code  724.2 
GreenbeltMD  20771 

Phone: 

Fax: 

E-Mail: 


3lenn  Rosecrans 
Swales  Aerospace,  Inc. 

>050  Powder  Mill  Rd. 

Seltsville  MD  20705 
’hone:  301-286-2790 
Fax:  301-286-1704 

E-Mall:  glenn.p.rosecrans.1@gsfc.nasa.gov 


Jack  Sanders* 

Swales  & Associates,  Inc. 
5050  Powder  Mill  Rd. 
Seltsville  MD  20705-1913 

Phone:  301-595-5500 

Fax: 

E-Mall: 

Peter  Schuler* 

Triton  Systems,  Inc. 

200  Turnpike  Rd. 
Chelmsford  MA  01824 
Phone: 

Fax: 

E-Mall: 


Chris  Shaw 
Boeing 
MS  82-23 
PO  Box  3999 
Seattle  WA  98124-2499 
Phone:  253-773-2014 
Fax:  253-773-2250 
E-Mall:  christopher.g.shaw@boeing.com 


Joseph  Saggese 
Swales  Aerospace 
c/o  ITT  Aerospace/Comm. 

1919  W.  Cook  Rd. 

Ft.  Wayne  N 46818 
Phone:  219-487-6052 
Fax:  219-487-6088 

E-Mail:  jsaggese@pop400.gsfc.nasa.gov 

Deborah  Schmitt 
NASA  GSFC 
Code  313 

GreenbeltMD  20771 
Phone:  301-286-6882 
Fax:  301-286-1646 

E-Mail: 

John  Scialdone 
NASA  GSFC 
Code  313 

GreenbeltMD  20771 
Phone:  301-286-6731 
Fax:  301-286-1646 

E-Mail:  John.J.Scialdone.1@gsfc.nasa.gov 

Allan  Shepp 
Triton  Systems,  Inc. 

200  Turnpike  Rd. 

Chelmsford  M A 01824 
Phone:  508-250-4200 
Fax:  508-250-4533 

E-Mail:  allan-s@httpy/www .tritonsys.com 
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Barry  Sherman 
NASA  GSFC 
Code  424 

Greenbelt  MD  20771 

Phone:  301-286-6649 

Fax: 

E-Mail : Barry. Sherman.  1 @gsfc. nasa.gov 
Carlos  Soares 

McDonnell  Douglas, (JHOU-22 10) 

13100  Space  Center  Blvd. 

MS  HS-30 

Houston  TX  77059-3556 
Phone:  281-336-4741 
Fax:  281-336-5070 
E-Mail:  carlos.soares@sw.boeing.com 

Robert  Speece  * 

NASA  KSC 

Phone: 

Fax: 

E-Mail: 


Joseph  Stecher* 

NASA  GSFC 
Code  754 

Greenbelt  MD  20771 
Phone:  301-286-8747 
Fax:  301-286-1702 
E-Mail:  joe.stecher@gsfc.nasa.gov 


Sharon  Straka 
NASA  GSFC 
Code  724 

Greenbelt  MD  20771 

Phone: 

Fax: 

E-Mail: 


David  Silver 

Johns  Hopkins  University 
Applied  Physics  Lab. 

Laurel  MD  20723 

Phone:  301-953-6265 
Fax:  301-953-6904 
E-Mall:  david.silver@jhuapl.edu 

David  Soules 
JPL 

4800  Oak  Grove  Dr. 

MS  158-103 
Pasadena  C A 91109 
Phone:  818-354-9725 
Fax:  818-393-5011 
E-Mail:  david.m.soules@jpl.nasa.gov 

Richard  Stavely 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 
Phone:  301  286-9734 
Fax:  301  286-1702 

E-Mall:  Richard.Stavely@gsfc.nasa.gov 

Charles  Stein 
Phillips  Laboratory 
2050  Chanute  Street 
Kirtland  AFB 

Albuquerque  NM  87117 

Phone:  505  846-4822 

Fax: 

E-Mail:  stein@plk.af.mil 

Wayne  Stuckey 
Aerospace  Corp. 

MS  250 
PO  Box  92957 

Los  Angeles  CA  90009-2957 
Phone:  310-336-7389 
Fax:  310-336-5846 
E-Mail:  stuckey@aero.org. 
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Jari  Taylor 
MSA  GSFC 
Code  313 

Sreenbelt  MD  20771 
Phone:  301-286-8833 
Fax:  301-286-1646 

E-Mail:  ctaylor@pop300.gsfc.nasa.gov 


Shaun  Thomson 
NASA  GSFC 
Code  724.2 
GreenbeltMD  20771 

Phone: 

Fax: 

E-Mail: 


JackTriolo 

Swales  Aerospace,  Inc. 

NASA/GSFC 
Code  724 

GreenbeltMD  20771 
Phone:  301-286-2311 
Fax:  301-286-1704 

E-Mail:  Jack.J.Triolo@gsfc.nasa.gov 

Peter  Ulrich* 

NASA  Headquarters 
Code  S 

Washington  DC  20546 

Phone: 

Fax: 

E-Mail: 

Tim  Van  Sant 
NASA  GSFC 
Code  313 

Creenbelt  MD  20771 
Phone:  301-  286-6024 
Fax:  301-286-1646 
E-  Mai  I : john.t.vansant . 1 @gsfc . nasa  .gov 


Randy  Thompson 
AZ  Technology 
4901  Corporate  Drive 
Ste  101 

Huntsville  AL  35806 
Phone:  205  837-9877,  x-145 
Fax:  205837-1155 
E-Mail:  randy@mail.azhsv.com 

Jacqueline  Townsend 
NASA  GSFC 
Code  313 

Greenbelt  MD  20771 
Phone:  301-286-6685 
Fax:  301-286-1646 

E-Mail:  jacqueline.a.townsend.1@gsfc.nasa.gov 

JuneTveekrem 
NASA  GSFC 
Code  717 

GreenbeltMD  20771 
Phone:  301-286-2832 
Fax:  301-286-1649 

E-Mail:  june.tveekrem@gsfc.nasa.gov 


O.  Manuel  Uy 

Johns  Hopkins  University 

Applied  Physics  Lab. 

Laurel  MD  20723 
Phone:  301-953-5334 
Fax:  301-953-6914 
E-Mail:  manny.uy@jhuapl.edu 

Donald  Wallace* 

OCM  Research 
PO  Box  277 

Laguna  Beach  CA  92652-0277 
Phone:  714-597-5748 
Fax:  714-497-7331 

E-Mall:  dwallace@qcmresearch.com 
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Scott  Walace 
QCM  Research 
PO  Box  277 

Laguna  Beach  CA  92652-0277 
Phone:  714-597-5748 
P«:  714-497-7331 
E>  Ma  1 1 : swallace@qcmresearch.com 


Donald  Wikes  * 

AZ  Technology 
4901  Corporate  Drive 
Ste  101 

Huntsville  AL  35806 

Phone: 

Fax: 

E-Mail: 

Stanley  Wojnar 
NASA  GSFC 
Code  754 

Greenbelt  MD  20771 
Phone:  301-286-5145 
Pm:  301-286-1702 
E-Mall : stanley.wojnar@gsfc.nasa.gov 

Eve  Wooldridge 
NASA  GSFC 
Code  724.2 
Greenbelt  MD  20771 
Phone:  301  286-9964 
PM:  301  286-1704 

E-Mail:  eve.m.wooldridge@gsfc. nasa.gov 

YukioYoshkawa 
Lockheed  Martin 
386  Foxborough  Dr. 

Mt.  View  CA  94041 
Phone:  301-901-6045 
Pm:  301-901-6086 

E-Mall:  yoshikawa_yuke@lmmail.hst.nasa.gov 


David  Wasson 
Orbital  Sciences  Corp. 

20301  Century  Blvd. 

MSA-3 

Germantown  MD  20874 
Phone:  301-428-5260 
PM:  301-353-8619 
E-Mail:  Owasson@oscsystems.com 
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